electroactive compounds in plasma. Alternatively, a lengthier two-step clean-up procedure allows less-stringent chromatographic conditions. In our experience the methods of sample preparation described above can be used as routine procedures.
Influence of Age and Sex on the Concentration of Free Thyroxin in Serum and on the Free Thyroxin:Total Thyroxin Ratio Timothy J. WIlke
The influence of age and sex on the concentration of free thyroxin and on the free thyroxin/total thyroxin ratio was studied in 104 men and 89 women, ages 15 to 83 years. Free thyroxin gradually declined with age in men but not in women. In addition, sex-and age-related variations for free thyroxin were similar to those for total thyroxin and the two indirect assessments of free thyroxin: the free thyroxin index and the total thyroxin/thyroxin binding globulin ratio. Further, free thyroxin and the free thyroxin/total thyroxin ratio were higher in men than in women. However, the free thyroxin/ total thyroxin ratio showed relatively little change with age in either sex. This study suggests that the free thyroxin/total thyroxin ratio is helpful in minimizing the age-related variations in both free and total thyroxin.
AddItIonal Keyphrases: (hyroxin-binding globulin free thyroxin index
The major fractionof thyroxin (T4)'in blood is bound to plasma proteins.
Only a minute fraction(normally about 0.03%)circulates as the unbound or free hormone (FF4 tional and used in this present study is a single-tube, onestep radioimmunossay (RIA) that shows acceptable precision and good diagnostic accuracy (5, 6) .
A FF4iT4 ratio has been used to justify that FF4 is a true indicator of thyroid status in patients receiving T4 replacement (7). Bakker and Terpstra (8) demonstrated the possibility of predicting abnormal concentrations of thyroxinbinding globulin (TBG) from abnormal T4/FT4 ratios. No previous study, however, has examined the FF4/T4 ratio as a function of sex and age.
Materials and Methods

Procedures.
All sera were assayed for FF4, T4, TBG, and triiodothyronine (T3) uptake ratio, and the FF4PF4 and T4/ TBG ratios and the free thyroxin index (FF1) were determined.
FF4 was determined with the Amerlex RIA kit (Amersham International Ltd., Amersham, Bucks., U.K.), a direct equilibrium assay for FF4 that involves the use of a T4-analog tracer that binds to a very-high-affinity antiserum but not to T4-binding proteins. Between-batch precision (CV) at three concentrations of FF4 in human control sera was 7.2% at 5.7 pmolJL, 3.1% at 22.4 pmol/L, and 4.8% at 50.3 pmolIL (6). For T4 measured with Amerlex RIA kits, between-batch precision was 2.7% at 51 nmoIJL, 5.1% at 154 nmol/L, and 3.1% at 242 nmol/L (9).TBG was determined with the "Immophase RIA" test system (Corning Medical and Scientific, Corning Glass Works, Medfield, MA 02052), and T3 uptake was estimated with the "Trilute" kit (Ames Co., Div. of Miles Laboratories Inc., Elkhart, IN 46515). All directions recommended by the manufacturers of the reagent kits were followed exactly.
For gamma radiation counting, I used an NE 1600 instrument (Nuclear Enterprises Ltd., Edinburgh, Scotland,
U.K.).
The FF4IT4 ratio was calculated by dividing the FF4 concentration by the T4 concentration; similarly, the T4/ TBG ratio was obtained by dividing the P4 concentration by the TBG concentration.
FF1 was computed by multiplying the T4 concentration by the T3 uptake ratio. 
Results and Discussion
FF4 for both sexes was distributed normally. Men showed a significant (p < 0.001) decrease in FF4 with advancing age, whereas women did not. There was a low but significant correlation between age and FF4 concentration in men (r = -0.25, p < 0.05) but not in women (r = -0.14, p not significant) from the second to the sixth decade (Figure 1 ). Mean FF4 values in men did not change significantly after the sixth decade. The regression line fitted to data from men showed a slope of -0.21 pmol of FF4 per liter per year of advancing age (p < 0.05). Thus for each 10-year interval the concentration of FF4 in serum decreased by 2.1 pmol/L. Other workers (3, 10) similarly observed that concentrations of FF4 decreased with age, but they made no distinction between sexes. A decrease in P4 degradation with advancing age, a result of both a lower fractional turnover rate and a smaller thyroxin distribution space, might explain this age-related effect (11). Braverman et al. (10), however, suggested that this diminished hormone secretion in elderly subjects may be due to decreased thyroid stimulation. More recently, investigators (12) have shown that, with age, the hypothalamus-hypophyseal-thyroid axis shifts to a lower level of regulatory activity. In this study, the concentration of FF4 was slightly lower in women than in men (p < 0.05); other workers (13), however, found no difference between the sexes. Studies with rats (14) showed that FF4 was higher in males than in females. This variance in FF4 concentrations has been ascribed to differences between the sexes in turnover rate for thyroxin (11). However, it may also be that in women the hypothalamus-pituitary-thyroid axis is set at a lower regulatory level than in men.
Clearly, it is important to know whether these variations in FF4 are primarily an age-related effect or the result of a methodological artifact induced by changes reported to occur in binding-protein concentration with age (15, 16).
Several commercial
FF4 kits have recently been criticized on the grounds that an increased concentration in serum of TBG, the principal thyroid-hormone binding protein, may lead to anomalous results (17, 18). The Amerlex FF4 kit I used, however, is apparently independent of TBG-related effects (19). The lack of correlation between FF4 and TBG further indicates that age-related changes in FF4, noted with this method, are unlikely to be a consequence of alterations in TBG concentration. In both sexes, the patterns of variation of FF1 and T4/ TBG ratio with age were similar to that of FF4. The significant correlations between FF4 and FF1 (r = 0.66, p < 0.00 1) and between FF4 and T4/TBG (r = 0.55, p < 0.001) in men, and the good correlations in women between FF4 and FF1 (r = O.5'7,p < 0.001) and between FF4 and T4ITBG (r = 0.45, p < 0.001) support in part these parallel changes. In addition, T4 displayed the same age-related changes as FF4 in both sexes, there being, as expected, significant correlations between FF4 and T4 in men (r = 0.56, p < 0.001) and women (r = 0.38, p < 0.001). In contrast, FF4,T4 showed relatively little change with age, for either men (r = -0.06, p not signif) or women (r = 0.09, p not signif.) (Figure 2 ). FF41T4 in men, however, was significantly higher than in women (p <0.01).
Recent clinical trials (4, 20) have challenged the concept that free hormone concentrations are the sole determinant of thyroid status. An in-vitro study (21) has further implied that the pituitary is responsive not only to free but also to total thyroid hormone concentrations.
I suggest that, in fact, the ratio of FF4 to total P4 concentration may be what maintains euthyroidism in subjects who show no clinical evidence of thyroid dysfunction.
In summary, the concentrations of FF4 and T4 underwent similar progressive decreases with age in men but not in women, whereas the FF4iT4 ratio remained virtually unchanged in both sexes over the age span studied. Therefore a possible routine use of the FT4PF4 ratio would be to account for age-dependent changes in FF4 and T4. However, it remains to be established whether the FF4PF4 ratio is a determinant of thyroid status.
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